I. INTRODUCTION
Study of spin waves in periodic nanoscale magnetic composites -magnetophotonic crystals -is an actual and promising area of the physics of nanostructures.
In the paper, spin waves in a periodically layered (in the axial direction) ferromagnetic nanotube are studied. For spin waves in such structure we have found a dispersion relation considering the magnetic dipole-dipole interaction, the exchange interaction and the anisotropy effects. We have also found the radial wave number spectrum and the longitudinal quasi-wave number spectrum for such waves.
II. SETTING OF THE PROBLEM
Let us consider a periodically-structured cylindrical nanotube composed of alternating homogeneous sections consisting of two kinds of ferromagnetic, denoted 1 and 2. Sections of two ferromagnetics have lengths d 1 and d 2 and form a periodical structure with the period d. Inner radius of the nanotube is denoted a, external -b (see Fig. 1 ). The ferromagnetics are characterized by the the uniaxial anisotropy parameters ȕ 1 and ȕ 2 and the exchange interaction parameters Į 1 and Į 2 , gyromagnetic ratios Ȗ 1 and Ȗ 2 . The saturation magnetization 0 M & is uniform and is directed along the nanotube axis. The dissipation is neglected.
Linear approximation spin wave is considered, so the 
. The spin wave is propagating parallel to the nanotube axis. In the paper, the dispersion relation, the radial wave number spectrum and the longitudinal quasi-wave number spectrum of the above-described spin waves are derived.
III. THEORETICAL BACKGROUNG
The Landau-Lifshitz equation for the spin wave with the frequency Ȧ ( ) ( ) ( )
(where h & is the magnetic field perturbation) in our system can be written -for each ferromagnetic section -as 
for the magnetic potential ĭ (
) in the magnetostatic approximation gives the complete system form which the dispersion equation can be obtained.
IV. LOCAL DISPERSION RELATION AND RADIAL WAVE NUMBER SPECTRUM
The solution of the system (2), (3) after elimination of the magnetization perturbation can be sought in the form of a linear combination of the Bessel and the Neumann functions:
here we use the cylindrical coordinate system (ρ,ș,z), ⊥ k is a transverse wave number, n is a transverse-angular mode number, k j|| is a longitudinal wave number. After substituting this solution the local dispersion relation (on the nanotube sections) can be obtained in the form
the total wave number
. The result agrees with the dispersion relation for cylindrical nanowires [2, 3] .
After imposing the boundary conditions on the inner and transforming them into boundary conditions for the potential ĭ we obtain a condition for the radial wave number spectrum
or for a wide or thin nanotube ( 1
that is analogous to a spectrum for a particle in onedimensional potential well.
V. WAVE NUMBER SPECTRUM IN THE ENTIRE NANOTUBE
After obtaining the local dispersion relation on the nanotube sections (5), an effective longitudinal quasi-wave number spectrum in the entire nanotube can be obtained using the method analogous to given in [3, 4] . After applying the Bloch spatial periodicity condition to a superposition of direct and reflected traveling spin waves
we obtain the quasi-wave number as a function of the local wave numbers: 
In the "effective medium" limit [3] , when the spin wave wavelength is much greater than the characteristic size of the medium inhomogeneities (in our case -of the spatial period of the system) the quasi-wave number can be rewritten 
are effective averaged parameters of the ferromagnetic nanotube.
VI. DISCUSSION
For a thin nanotube (b -a << l ex , where l ex is a characteristic exchange interaction length) the local dispersion relation agrees with the dispersion relation for a thin nanowire [2, 3] :
…10
-5 m) throughout all the local wave numbers range (restricted, on the one hand, by the nanotube length, and on the other hand, by the exchange interaction length) the spin wave frequency Ȧ has the order of magnitude of 10 10 Hz. The transverse wave number increases when the nanotube thickness is decreased. As typical nanotubes are thin, this fact puts a limitation on the mode number:
As we can see, in the "effective medium" limit an effective wave number in the whole nanotube can be found by averaging the local wave numbers in the tube sections. Moreover, for a thin nanotube (b -a << l ex ) the expression for the quasi-wave number we obtained agrees with the dispersion relation obtained in [3] for a thin periodically structured cylindrical nanowire. The expression also agrees with the expression for a local wave number of a thin nanotube after the ferromagnetic parameters are replaced with the averaged parameters of the entire nanotube.
VII. CONCLUSIONS
In the paper, the spin waves in a periodically layered ferromagnetic nanotube comprised of alternating layers of two kinds of ferromagnetic were investigated. The radial (transverse) wave number spectrum, the longitudinal quasiwave number spectrum for a spin wave in such system and the local dispersion relation (in the nanotube sections) for such waves were obtained. The local dispersion relation for a cylindrical nanotube passes (for a thin nanotube) into the known dispersion relation for a thin ferromagnetic nanowire. For a nanotube that is thin so that its thickness is much less than its inner radius (which is true for a typical nanotube) the wave number levels become equidistant, and the distance between them is inversely proportional to the nanotube thickness. For spin waves in a typical nanotubes -both continuous and periodically layered -only the first N transverse-angular modes can be excited, where the number In the "effective medium" limit, the expression for the quasi-wave number spectrum have been simplified to more simple and physically clear expression. Spin wave in such system is described by the same dispersion relation as a wave in a uniform nanotube (after averaging corresponding parameters).
